Background/Aim. The liver is one of the most commonly injured solid organ in patients with abdominal gunshot wounds. The aim of this study was to investigate correlation between aspartate aminotransferase (AST) and alanine aminotransferase (ALT) levels as well as correlation between liver enzymes and Injury Severity Score (ISS) among patients sustained a gunshot liver injury. Methods. The study included 30 patients with a gunshot liver injury. Patients were divided into three groups, according to the American Association for the Surgery of Trauma injury grade. We included only patients with first (I), second (II) and third degree (III) injury. AST and ALT levels were also initially measured, and then consecutively each day, up to the fifth post-traumatic day, in order to determine which of them is better and more stable predictor of severity of gunshot liver injury. Results. ALT had significant positive correlation with a low-degree gunshot liver injury, on the day zero, post-traumatic day one and day two. Nevertheless, AST/ALT relation throughout post-traumatic five day period regarding an injury grade correlates best in II grade injury. At the end, strong positive correlation between ALT and ISS was observed (p < 0.05). Conclusion. Presented data clearly shows that ALT is better gunshot liver injury predictor than AST, with strong predictive value regarding injury severity, in first days after liver trauma. Therefore, it could be easily available, cheap and reliable prognostic tool for complexity of liver trauma. ALT prediction value is more significant for I and II injury, grade. Correlation between AST and ALT exists only for specific injury grade (II), but not in general.
Introduction
Liver is one of the most commonly injured solid organ in patients with abdominal gunshot wounds 1 and its injury is reported in approximately 5% of all trauma 2 . Leading cause of death in severe liver injuries is uncontrollable bleeding, while multiple organ failure and residual sepsis are the primary causes of late death and morbidity 3 .
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The Injury Severity Score (ISS) correlate well with survival and provides a numerical description of the overall severity of injury for patients with multiple trauma 4 . It could be also releated to the severity of liver injuries which is universally classified according to the American Association for the Surgery of Trauma (AAST). The majority of patients admitted for liver injuries have grade I, II or III 5 . Liver injury releases transaminases, mitochondrial and cytoplasmic enzymes that are found in hepatocytes, neurons, pancreatic and muscle cells and the two most common transaminases are aspartate aminotransferase (AST) and alanine aminotransferase (ALT) 6 . AST and ALT elevation are known to correlate to liver injury and occur immediately after the trauma [7] [8] [9] . Nevertheless, it appears that high-grade (AAST grades III-VI) liver injury results in higher AST and ALT levels than low-grade liver injury (AAST grades I-II) 10 . The aim of this study was to investigate the correlation between AST and ALT levels as well as correlation between liver enzymes and ISS score among patients sustained a gunshot liver injury.
Methods
We evaluated 30 patients with gunshot liver injuries and accompanying injuries of other organs if sustaind in some cases, but any of them was not life-threatening. The patients were divided into three groups, according to AAST injury grade. We included only patients with first (I), second (II) and third degree (III) gunshot liver injury. There were 10 patients in each group. Every patient underwent abdominal computed tomography (CT) during initial evaluation with ISS scoring; AST and ALT levels were also measured, initially and then consecutively each day, up to the fifth posttraumatic day in order to determine which of them was better and more stable predictor of severity of gunshot liver injury. The ELISA tests on Cobas c 311/501 analyzer (COBAS, Roche Diagnostics GmbH, D-68305 Manheim, Germany) for measurement of AST and ALT levels in human serum was used. The threshold of blood AST and ALT upper margin normal reference range level was set at 50 IU/L 6 . The patients with severe, life-threatening injuries were excluded as well as those with severe bleeding, previous liver diseases or any other chronical disease and those who had initially increased levels of AST and ALT upon admission. Parameters observed were: age, gender, ISS, blood AST and ALT levels and CT diagnosed liver injury grade, according to to the ASST scale 6 .
Statistical analysis
Statistical analysis was performed by the Statistical Package for the Social Sciences (SPSS) version 11 for Windows software package (SPSS Inc., Chicago, USA). Since data do not follow normal distribution we used the nonparametric Spearman's correlation. Methods of statistical description included the Student t-test in order to determine statistical significance. The difference of the obtained values was considered to be significant at p < 0.05.
Ethics
Each subject signed the acceptance of the study protocol, in which the Ethical Principles for Medical Research Involving Human Subjects (The Helsinki Declaration) were clearly stated. They all signed the cinformed onsent form.
Results
The patients were divided into three groups, according to the gunshot liver injury grade. Each grade comprises 10 patients, with levels of AST and ALT measured from day zero up to the fifth post-traumatic day. Average age of patients was 41.3 ± 15.2 (ranging from 19 to 72) years and 21 out of 30 patients were males. There were 11 patients who sustained concomitant right colon injury, 7 patients had right kidney injury, while 3 patients had accompanied duodenal penetration. In Table 1 acorelation between serum enyzmes values injury grades is given and it is evident that ALT had significant, positive correlation with low-degree gunshot liver injury, on the day zero, post-traumatic day one and day two. Table 2 represents AST/ALT ratio throughout posttraumatic five day period in regard to injury grade. It correlated best with II grade injury. Table 3 provides information about correlation between AST and ALT levels among patients as well as correlation between serum liver enzymes values and ISS where strong positive correlation between ALT and ISS was observed (p < 0.05). 
Discussion
This study evaluated patients with I, II and III degree gunshot liver injury and according to recent data, a majority of patients admitted for liver trauma worldwide refer to these grades 5 . Correlation between AST and ALT levels in patients with liver trauma and grade of gunshot liver injury could be releated to ISS which predicts survival rate. Bruhn et al. 6 found equally reliable significance of AST and ALT in detecting gunshot liver injury. However, in general, our study showed that there was no significant positive correlation between AST and ALT, and that significant correlation existed only between ALT and ISS which could signify strong prediction value of ALT in trauma severity. According to a study conducted by Narci et al. 11 , ISS was more valuable than other trauma scoring systems for prognostic evaluation of trauma patients; thus, based on our study, ALT could be easily available, cheap and reliable prognostic tool for complexity of gunshot liver trauma. Nevertheless, when we observed separate enzyme values regarding a gunshot liver injury grade, we noticed a significant positive correlation of AST/ALT ratio with II grade gunshot liver injury (p < 0.05). A study made by Zagory et al. 12 showed the same positive trend of correlation between liver enzymes and gunshot liver injury grade, although it referred to pediatric patients. It is also evident that in each injury grade there exists negative correlation between them on the day zero of injury (ρ = -0.08, ρ = -0.04, ρ = -0.001). Some authors 13, 14 tried to determine whether AST and ALT could predict severity of gunshot liver injury. Only Koyama et al. 9 established optimal cut-off values for AST (> 100 U/L) and ALT (> 80 U/L) as a useful screening tool for CT scan in otherwise stabile patients. However, blood samples were taken only immediately upon arrival, unlike in our study where we checked enzyme levels every day, up to the fifth post-traumatic day, and revealed that ALT developed strong positive correlation between I and II injury grade on the day zero, as well as the first and second postinjury day (ρ = 0.69; ρ = 0.57; ρ = 0.49, respectively). This means that ALT could be better predictor for I and II grade gunshot liver injury than AST. On the other hand, AST showed strong positive correlation on the first, second and third post-injury day among patients with II-III grade injury, which means that AST could be better predictor of severity of gunshot injury grade after the first day of the injury. We did not determine cut-off values for liver enzymes. Instead, we tried to predict injury grade in regard with AST or ALT blood level. Besides that, study presented here included patients with gunshot injury, instead of blunt liver trauma observed in forementioned studies. We believe that this makes presented research different and important. Bruhn et al. 6 claimed that initial evaluation of AST and ALT could be a useful diagnostic tool to predict the need for CT. Unlike that study, we proved that ALT could be important in estimation of severity of gunshot liver injury, in first days upon trauma which could predict patients outcome, especially in I and II grade injuries. On the other hand, AST correlates with II and III grade injuries, but only after 24 h of trauma initiation, which could be too late for a decision on further diagnosis (CT) or treatment options.
Data gained from the study performed are consistent with the existing literature in the context that the presence of significant gunshot liver injury can indeed be expected to result in raised liver enzyme levels 6 . Unlike the other recently published studies, we tried to estimate the prediction values of liver enzymes concerning the severity of gunshot liver injury and to determine whether any of these enzymes significantly correlated with specific injury grade in first hours of injury. Hovewer, limitation of our study is the absence of IV, V and VI liver injury grade, inability to confirm positive predictive trend of ALT even in those with severe injury grades as well as lack of liver enzyme correlation with CT findings which could be of significant importance for further treatment modalities. The reason is high mortality rate of patients with those grades in prehospital period. Nevertheless, there are no contemporary studies concerning gunshot liver injury and relation between liver enzymes and ISS nor predictive value of AST and ALT regarding a gunshot liver injury grade. Thus, we think that our study deserves attention and could be of significant importance for future research of this subject.
Conclusion
Presented data clearly shows that ALT is better predictor of gunshot liver injury than AST, with strong predictive value regarding injury severity (ISS) in first days after liver trauma. Therefore, it could be easily available, cheap and reliable prognostic tool for complexity of liver trauma. ALT prediction value is more significant for I and II injury grade. Correlation between AST and ALT exists only for specific injury grade (II), but not in general.
